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Abstract 
Parangtritis is located on the coastal area of Bantul District, Y ogyakarta Province, Indonesia. This area is 
considered as high vulnerable area due to tsunami. The coastal area of Parangtritis has multi-land use purposes, as 
tourism, residential, and agricultural areas which leading to the vulnerable area to tsunami hazard. This research is 
aimed at analyzing the tsunami hazard impact and making risk disaster mitigation of this hazard. This research uses 
four scenarios of direction, i.e. wave from west, south-west south, and south east. This research also uses 6 
scenarios of run-up, i.e. 5 m, 10 m, 15 m, 20 m, 25 m, and 30 m. The superimposed technique between hazard 
model, agricultural and non agricultural land use map will be carried out to have the understanding of the potential 
impact of tsunami to agricultural land production. The research revealed that the coastal area of Bantul is very 
vulnerable to tsunami hazard. Tsunami is a natural phenomenon which cannot be prevented; however, this does not 
imply that no one should live in coastal areas. It is very important to maximize the mitigation effort in order to 
minimize the negative impact from the natural disaster. A remotely sensed approach in combination 
with the Geographic Information System (GIS) might be more useful for establishing the spatial extent of potential 
hazard inundation. Digital Image Processing methods used to produce hill shade, slope, minimum and maximum 
curvature maps based on SRTM DEM contribute to the detection of morphologic traces. These maps combined with 
Landsat ETM and seismo-tectonic data in a GIS database allow the delineation of coastal regions can be useful for 
Tsunami analysis. This paper reports the results of an assessment of the impact of tsunami inundation for a coastal 
segment of Parangtritis. This study has been undertaken for three reasons: (1) the Parangtritis coastal area is one of 
the most vulnerable areas due to tsunami and has been identified as an area at risk from future tsunami occurrence; 
(2) this research will predict and make tsunami inundation hazard scenario simulation in research area; (3) 
Furthermore, to our knowledge, coastal land-use planning in general fail to considered the potential role of the 
extreme hazard facing on the coastal area. Bantul Local government cooperation with Y ogyakarta Central 
Government has been install siren systems in Parangtritis area where the vulnerable area of tsunami. An 
emergency evacuation place on the way to a hill top is effective for saving lives. In case of tsunami at midnight, it 
will be much more dangerous for the villagers to evacuate, because of the complete darkness without electricity, so 
indications to let them know the evacuation route should be considered. For successful evacuation, therefore higher 
evacuation places than the expected tsunami should be set in and/or near residential areas. 
Keywords: Tsunami Inundation Hazard Scenario, Evacuation Route, Disater Mitigation, Remote Sensing, 
Geographic Information System. 
1. Introduction 
Human lives in present day are very vulnerable faced 
with natural disaster. The disaster happen because of the 
natural processes both of endogenic ( earthquake, volcanic 
eruption, tsunami) and exogenic processes ( flood, landslide, 
drought, or meteoric). Increasing number of people and the 
unpredictable disaster has made higher risk in term oflosses: 
Nowadays the development in Remote Sensing and 
Geographic Information System can use for reducing and 
monitoring the disaster. For this reason, well prepared of the 
disaster risk management are requires in order to minimize 
disaster impact to human life. Indonesia is one of the most 
vulnerable areas due to natural disaster, because it is closed 
to the collision area of the three main tectonic plates in the 
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world. As the result, this area is very susceptible to the and Eurasian Plate. 
endogen activity and others natural disaster risk. 
Table 1 described tsunami record in Indonesia. Tsunami 
Aceh occurred in 2004 that caused by big earthquake (9. 1 in 
Scale Richter) and recorded as the biggest earthquake since 
1 9(Xi'l_ In the year of 2006, the tsunami happens in the 
southern part of West Java which shifted to the east. The 
effect is all the southern part of coastal zone in Java was 
affected by tsunami. 
Table. I. Tsunami Record in Indonesia 
year Magnitude 
1883 Volcaro 
1961 
1964 
1965 7.5 
1967 5.8 
1� 7.4 
196') 6.9 
1977 
1977 8 
1979 
1982 
1987 
1989 
1992 7.5 
7.8 
1996 8 
1996 8 
1998 
2(XX) 
2004 9.1 
2005 
2CXX> 7.7 
(Dead/Injured) 
3(00) 
216 
110'479 
71Ixoo 
5&'100 
392Ixoo 
64fJ7 
316Ixoo 
217.5 
27/200 
13/400 
83/100 
7Ixoo 
1952/2126 
3&'400 
3163 
107Ixoo 
34Ikad 
4Ixoo 
>200(XX) 
665 
*Source: Diposaptono & Budiman,200tPl 
Krnka1au 
NIT,Fhes Teq¢1 
Surmtera 
Maluku, Serum, CEil Samra 
Tirarrhiog (Sooth SulaWe51) 
Tamlx, (Center Sulawesi) 
� (Sooth SulaWe51) 
NIB rnnP. Suml:mva 
NIT, Fla-es, arrlP. Atruro 
NIB, Sumtawa,Bali, arrl 
NIT, 1.arantuka 
NIT, EastFlcre,, arrl P. Pantar 
NITarrlP. Akr 
NIT, Fkxes,P. Babi 
�(Ea<;tJava) 
Palu (CenterSu1aWe51) 
P. Biak(Irnn.Jaya) 
TaoomMaliaru (Maluku) 
Banggri, Center Sulawesi 
NAD arrlNat Surmtera 
P.Nias 
Sooth.Java 
Java Island due to tectonic setting is very vulnerable 
occurred by Tsunami disaster. According to the catalogue for 
tsunamis in the Indian Ocean, which includes about 
tsunamis, 80% of the tsunamis are from Sunda arc region, 
where on an average, tsunamis are generated once in three 
years with different scale events[3l_ Figure 1 shows the 
study area. Parangtritis have highly vulnerable of tsunami 
hazard, it caused many buildings in the coastal area of only a 
few meters from the coastline and the area is relatively flat. 
Parangtritis area located on the South Coast of Java 
subduction zone directly facing the In.do-Australian Plate 
Fig. 1. Study Area 
A remotely sensed approach in combination with the 
Geographic Information System (GIS) might be more useful 
for establishing the spatial extent of potential hazard 
inundation as well as to calculate the spatial agricultural 
damage over large areas
[4l_ Remote Sensing Approaches for 
coastal morphology were developing rapidly in the last 2 
years. Based on the Landsat ETM and DEM data derived by 
SRTM of the coastal area produced spatial information in 
order to represent the coastal morphology. 
2. Methods 
The inundation zone due to tsunami would be determined 
using the predicted water dep1h scenario. This study intends to 
identify the inundation wne of the hYJX)thetical water depth scenario 
and quantify the impact of 1he inundation to agricultural land and 
non agricultural land. Unfortunately, we exclude the physical 
m:x:harusms or hydrodynamic characteristics of tsunami during 
generation, proµigation, or inundation. The formulation of 
Tstmami inundation wave simulation as below: 
The relationship between the height of the tsunami, the 
coefficient of roughness, and distance towards land was 
formulated as follows: 
(1) 
Where: 
Xmaks = Maximum distance the tsunami on land from the 
shoreline; 
Ho = Height of waves at the shoreline; 
n = Roughness coefficient (0.015 to 0.07) 
To follow the condition of the surface which has a 
surface height variation, equation 2 is modified by by 
entering a determining factor as to lose altitude slopes of the 
tsunami as shown in the following equation formulated by 
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Be�:�u = (1Q, 1·.t')· '�Ul • sin S 
Hui 
Where: 
H1oss = Losing altitude for the 1 m distance tsunami 
propagation 
N 
Ho 
s 
s 
= Roughness coefficient 
= Initial height of the tsunami on the coastline 
= Slope Surface 
= slope surface Z 
Where: 
u = Wave Velocity 
g 
h 
= Gravitation Velocity 
=Depth 
(2) 
(3) 
Equation 3 shows that the velocity is proportional to the 
height of the tsunami inundation. Tsunami on Parangtritis 
area is simulated by made a model with few scenarios; 5 m, 
10 m, 15 m, 20 m, 25 m and 30 m with different direction 
wave (West, South and South-West wave direction). Those 
variations were to represent the scenarios that possible 
happen on south coast of Java, on field measurement 
reported that along the south coast of Java between 
Batukaras and Baron the measured run up heights (RU) 
ranged from less than 1 m to 15, 7 m Modelling of 
inundation areas are based on surface roughness coefficient, 
wave direction, wave height variation, and slope (slope) area 
of research. The parameters are then used to calculate the 
landward inundation. Propagation calculations per pixel that 
passes through the use of certain land and a certain slope, the 
reduction in height of the tsunami can be detected. Figure 4 
shows flowchart research desi 
Physical Te1mi11 Susceptibility Mapping for Tsunami 
Tsuna1ni SRD.1 Point Elevation Barhymetry Terrain Aspect, Historical 
Impact �fap Data Map Soil, Slope, Tsunami Events 
Landuse, Tidal 
Wave and Current 
Movement 
DEM 
Fig. 4. Flowchart Research Design 
3. Results and Discussion 
Tsunami Inundation Hazard Scenario Simulation Map 
Based on inundation simulation results of the tsunami 
on the mainland can be seen that the direction of arrival of 
waves in the stagnant area of influence. At the height of the 
waves 30 meters inundated the most extensive area occurs 
when the wave coming from the southwest or an angle 
almost perpendicular to the coastline with inundation area is 
419,144 hectares. Area inundated by the smallest occur if the 
direction of incoming waves from the southeast scenario. If 
the waves coming from the south it will inundate an area of 
3,038 hectares of rice fields. The most extensive inundation 
occurs when the wave came from the southwest that is 
18,209 hectares. When the tsunami came with run up 
scenario 5 meters then the whole model shows that there are 
no fields are flooded. Spatial distribution on a variety of 
tsunami wave height and direction is presented in Figure 5a, 
5b, 5c and 5d shows tsunami inundation hazard map. 
Tsunami inundation zone for 20 meters scenario has 
129.250 hectares (west wave direction); 3 37.960 hectares 
(southwest wave direction); 319.125 hectares (south wave 
direction); and 197.976 hectares (southeast wave 
direction). 
=-
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Wave Simulation 
Fig. Sb. Tsunami Inundation Haz.ard Map with Southwest Direction 
Wave Simulation 
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Simulation 
Fig. 5d. Tsunami Inundation Haz.ard Map with Southeast Direction 
Wave Simulation 
Evacuation Route as Tsunami Disaster Mitigation 
An emergency evacuation place on the way to a hill 
top is effective for saving lives. There are two 
alternative paths disaster evacuation for this 
area, evacuation path to the Yogyakarta city and 
evacuation path to the mountain area on the east side of 
area which is the more save zone from the tsunami disaster. 
The city area can be reach by the road way. Meanwhile the 
mountain side can be reach by road way and the footpath 
which is well known by local people. Figure 6 shows 
evacuation route of tsunami inundation. 
Tsunami inundation impact of Parangtiritis 
coastal area will be needed special safety handling and 
supervising for holiday and special events due to the high 
tourist visitors come, can be in thousands visitors on these 
days. Every visitor has difference preference on the place 
along the beach but based on this research, area that within 
around SAR post, this area more density than others. For 
hazard zone tsunami can be concluded that only when 
the height 10 m the very danger situation came that threat 
all the houses and population on that area 
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Fig. 6. Evacuation Route Plan ofTsunami Haz.ard Map as Disaster 
Management Planning 
4. Summary 
Tsunami is a natural phenomenon which cannot be 
prevented; however, this does not imply that no one should 
live in coastal areas. It's very important to maximize the 
mitigation effort in order to minimize the negative 
impact from the natural disaster. Both 
government and local people have to sit together, discussing 
one thing how the standard operation procedure when if the 
tsunami happen, and how it could be done or government 
could provide nearest evacuation zone. The result of our 
study may have important implications for many different 
stakeholders to make coastal zone in Parangtritis coastal 
area. 
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